Dietary carbohydrates result in different postprandial blood glucose and insulin responses, depending on the rate of digestion. The glycaemic index (GI) classification allows for ranking foods according to their effect on the glycaemic response: a high glucose response (high GI) or low glucose response (low GI). There has been great interest in recent years in whether low-GI foods are more satiating and lead to lower body weight than high-GI foods when incorporated into whole diets. Only a few studies with similar macronutrient and fibre intake have assessed the effect of GI on body weight. These studies, ranging from 5 to 16 weeks, have not been able to show improved satiation or lower energy intake or body weight. However, in one study the interesting observation was made that total fat mass was decreased. Further long-term studies using adequate differences in GI are needed to determine whether low-GI diets can beneficially affect long-term body weight homoeostasis in humans.
Introduction
Carbohydrates (starches and sugars) play an important role in human nutrition by providing energy to cells in the body, particularly the brain. The average minimum amount of glucose needed for normal brain function is 130 g per day. This level of intake, however, is typically exceeded to meet the energy and nutrient needs while consuming acceptable levels of protein and fat. The median intake of carbohydrates is approximately 200Á/300 g per day for men and 180Á/230 g per day for women. At these levels of intake, carbohydrates may contribute to significantly elevated glycaemic and insulinaemic responses over the day. It has been postulated that the habit of consuming carbohydrates from refined bread and cereal products thus promotes the cluster of diseases associated with the metabolic syndrome, such as obesity and dyslipidaemia (1, 2) . This has attracted vast academic and clinical interest and also led to numerous popular diet books.
The glycaemic index
The glycaemic index (GI) is the indexing of the blood glucose response of 50 g of available carbohydrate from a test food, compared with 50 g of carbohydrate from a standard food (white bread or glucose) (3). The index is based on measurement during a period of 2 h. Determining the GI of carbohydrate-rich foods allows for ranking the glycaemic responses of various foods and, thus, separating those producing high glycaemic responses (high GI) from those producing a more modest blood glucose rise (low GI). In general, the insulin responses, when measured, relate well to glycaemic responses (4) . It also appears that the rate of digestion of the food in in vitro analyses can be used as a proxy for measuring GI in vivo (5, 6). More slowly absorbed (low-GI) starchy foods are often less processed, or processed in traditional ways, such as wholegrain pumpernickel breads, cracked wheat or barley, brown rice, beans and lentils. The glycaemic response may also be reduced by adding certain acids or soluble fibre, by replacing high amylopectin starch with high amylase starch or by the addition of fat. Further, minimizing the degree of cooking or mincing often leads to a lower glycaemic response to starchy foods.
The hypotheses
Two main hypotheses for a potential detrimental effect of high-GI starchy foods on body weight and body composition have been commonly cited in the literature.
First, high-GI starchy foods could lead to an expansion of body fat and reduction in muscle tissue (7) . This would result from both early and late events in the postprandial phase. In the early phase (0.5Á/1.5 h after ingestion), the prompt peak in insulin will promote carbohydrate oxidation and suppress fat oxidation. It has also been postulated to promote conversion of carbohydrates to fat. In the late phase (2Á/4 h after ingestion), the insulin level becomes low owing to a shortage of glucose from the intestine. Further, the preceding hyperinsulinaemia may result in undershoot in the blood glucose concentration to below its baseline. These changes, if present, may trigger increased cortisol and noradrenaline release, and gluconeogenesis from certain amino acids, and thus promote proteolysis (muscle breakdown).
Secondly, high-GI starchy foods could increase appetite and thus lead to passive overconsumption and obesity (1, 8) . This has been proposed to result from elevated noradrenaline concentrations between meals (a potent appetite stimulus), decreased fullness due to faster passage of food from stomach to intestine and shortened time for satiety peptides in the gut to be released. Possibly, in addition, the utilization of carbohydrates and protein may be a signal to increase the stores of these fuels (i.e. stimulate overall food intake), since the body has a limited storage capacity for these macronutrients compared with fat.
The evidence A closer look at the evidence shows that these hypotheses, at present, have several deficits and need to be revisited. In rats, consumption of low-GI food increases fatty-acid synthase activity in fat and promotes glucose incorporation into lipids (9) . In one study, body fat was 71% lower and muscle mass 8% higher in rats given low-GI food (9) . However, the lipogenic capacity of adipose tissue is substantially lower in humans than in rats, in part as a result of the lower abundance of sterol regulatory element binding protein 1c (SREBP-1c) (10) .
Several single-meal studies of appetite and GI have been performed in humans, but with inconsistent results (1, 11, 12) . One study using preloads with varying GI found that carbohydrates with a high GI suppress subjective appetite and food intake in the short term, but that those with a low GI do not (13) .
A study of overweight children found significantly greater weight loss after approximately 4 months of intervention in a paediatric obesity programme. However, in that study many other factors besides the GI varied between diet groups (14) . A 2 week cross-over study with 18 normalweight women showed a lower ad libitum energy intake and weight loss with a high-GI diet than with a low-GI diet (15) . However, in that study the high-GI diet had a higher fibre content than did the low-GI diet. Further, a 4 month study of 24 subjects with impaired glucose tolerance (16) found a significantly smaller weight loss after a low-GI (0.2 kg) diet than after a high-GI diet (0.5 kg). That study substantially increased fibre intake in the low-GI diet, but the difference in GI during the study was extremely modest (high-GI: 59; low-GI: 54).
A 5 week cross-over study examined low versus high GI in 11 healthy overweight men (17) . The low-GI diet had a 40% lower GI, but also a 50% higher fibre content. In the period between 8.00 am and 4.00 pm the insulin level was significantly lower at noon only on the low-GI diet. Moreover, on the low-GI diet, the glucose levels were higher, but the triglyceride levels lower, after lunch. Further, no significant effect on ad libitum energy intake or total body weight was detected at the end of the trial. However, that study also determined body composition by use of dual-energy X-ray absorptiometry (DEXA) and found a significantly reduced fat mass, by 0.7 kg. The decrease in fat mass was accompanied by a decrease in leptin, lipoprotein lipase and hormone-sensitive lipase messenger RNA.
The most well-controlled intervention study exploring the effect of high versus low GI on ad libitum energy intake and body weight was published in 2004 (18) . In that study, Sloth et al. investigated 45 healthy overweight women in a 10 week cross-over study. The difference in GI between supplied test foods (approximately 75% of total carbohydrate intake) was 24%. The high-and low-GI diets had identical composition, apart from the GI. At 10 weeks, the low-GI diet had resulted in higher fasting glucose but lower low-density lipoprotein-cholesterol concentrations compared with the high-GI diet. In contrast, the low-GI diet did not result in any significant difference in energy intake, body weight or fat mass assessed by DEXA. Even though subjects in the low-GI group lost a total of 1.9 kg, compared with 1.3 kg lost by the high-GI group, this difference was not significant. With such a modest difference between diets, more study power in the form of an increased number of subjects or greater difference in GI than used in this study would probably be needed to detect significant differences between groups. One study in humans found a negative nitrogen balance with consumption of a high-GI diet compared with a low-GI diet (7), suggesting that high-GI diets may lead to catabolism of lean body mass. In contrast, the study by Sloth et al. (18) found a more negative nitrogen balance with consumption of a low-GI diet. No study has found an effect on direct measures of lean body mass.
Conclusions
In summary, a low GI is beneficial in terms of blood lipid lowering and may have several other beneficial metabolic effects in subjects at risk of the metabolic syndrome (19) . However, at present the compiled data are not in favour of the contention that low-GI diets are more satiating, result in lower ad libitum energy intake or reduce body weight compared with high-GI diets with similar fibre and macronutrient contents. In addition, inconsistent results have been obtained in terms of body composition. Further long-term studies are needed to delineate whether adequately lowered GI can beneficially affect lipid homoeostasis in humans, such as transcription of genes involved in metabolic conversion of glucose to fats, postprandial concentrations of lipoproteins, long-term body weight homoeostasis and central obesity.
